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Aim/Claim/Novelty/Importance 

Aim 


To devise a complete quantum summoning protocol including encoding, 
decoding and complexity analysis. 


Claim 


Constructed an efficient protocol for summoning quantum information in 
any configuration of N pairwise-related causal diamonds. 


Novelty 


Code constructed from relation between graphs and linear algebra; 
decoding circuit for summoning was not devised before. 


Importance 


Presented the most efficient code to summon quantum information in 
spacetime. 
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Survey of quantum summoning 
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Journal of Physics A: Mathematical and Theoretical 


A no-summoning theorem in relativistic 
quantum theory 


Summoning information in spacetime, or where and when 
can a qubit be? 


New Journal of Physics 


New Journal of Physics 


Spacetime replication of continuous variable quantum 
information 

Patrick Hayden 1 - 2 , Sepehr Nezami 1 , Grant Salton 14 © and Barry C Sanders 2 ’ 3 0 


Summoning, No-Signalling and Relativistic 
Bit Commitments 


■ entropy 
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Localizing and excluding quantum information; or, how 
to share a quantum secret in spacetime 

Patrick Hayden 1 and Alex May 2 
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Classical informaiton Quantum information Teleportation 

What is the fundamental limitation of delocalization of quantum 
information in spacetime? 
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Summoning 





Bob: What is your limitation to delocalize Ql in spacetime? 
Alice: Test me. 

Summoning task: If request received at y,- f reveal \ip) at z; 



1 Kent QIP (2013) 10/bwv2 

2 Hayden May JPA (2016) 10/bsfk 6/n 


Y.-D. Wu, A. Khalid, & B. C. Sanders 


Efficient code for quantum summoning 








Results Conclusions 

oo o 

Summoning by error correction 


Introduction Background Approach 

o ooo »o 


In any configuration of N pairwise-related causal diamonds, what is the 
general encoding and decoding protocol to summon a qubit? 



Logical qubit should be decoded from subset of physical qubits assigned to 
edges adjacent to any vertex. 
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Graphs and linear algebra 




Ax = [111000] A 2 = [100110] 



A 3 = [010101] 



Ai + A 2 = [011110] Ai + A 3 = [10110 1] 
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Cl := span {A 1 ,A 2 ,A 3 } 

Ci := span {T 123 , T 124 , 7"i 34 } 

C 2 ■— span {Ai + A 2 , A\ + ^ 3 } 

c Ci. 

Ci together with C 2 specifies the 
Calderbank-Shor-Steane (CSS) code 
for summoning. 
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CSS code for summoning 
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N is the number of causal diamonds and 
A/, if N is even 

/V + l, if N is odd 


N := 


The CSS code 


( N ) i S. 

V2 / ’ ^ 2 


corrects 


erasure errors that occur in summoning. 
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Space- and gate-complexity reduction 


® Encoding: number of qubits used by our protocol is reduced by a factor of 
two compared to previous best result 2 , and number of quantum gates is 
reduced from 0 (/V 3 ) to 0(/V 2 ). 

® Decoding: Our decoding method has gate complexity 0(/V). 



<714 

<724 

<234 


| 0 > 



»-( 

-. c 






) 

r 

\ r 



J— 1 1 


U U 

u 

—e 


1 - 0 = i 


Decoding 


2 Hayden May JPA (2016) 10/bsfk 
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® Limitations of distributing quantum information in spacetime 
« Most efficient protocol to summon quantum information 
® Code constructed from relation between graphs and linear algebra 
9 General encoding and decoding circuit 


11/11 


Y.-D. Wu, A. Khalid, & B. C. Sanders 


Efficient code for quantum summoning 





